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Abstract

BACKGROUND & AIMS: Many patients with gastroparesis are prescribed opioids for pain
control, but indications for opioid prescriptions and the relationship of opioid use to gastroparesis
manifestations are undefined. We characterized associations of use of potent vs weaker opioids
and presentations of diabetic and idiopathic gastroparesis.

METHODS: We collected data on symptoms, gastric emptying, quality of life, and health care
resource use from 583 patients with gastroparesis (>10% 4-h scintigraphic retention) from the
National Institute of Diabetes and Digestive and Kidney Diseases Gastroparesis Consortium, from
January 2007 through November 2016. Patients completed medical questionnaires that included
questions about opioid use. The opioid(s) were categorized for potency relative to oral morphine.
Symptom severities were quantified by Patient Assessment of Upper Gastrointestinal Disorders
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Symptoms questionnaires. Subgroup analyses compared patients on potent vs weaker opioids and
opioid effects in diabetic vs idiopathic etiologies.

RESULTS: Forty-one percent of patients were taking opioids; 82% of these took potent agents
(morphine, hydrocodone, oxycodone, methadone, hydromorphone, buprenorphine, or fentanyl).
Abdominal pain was the reason for prescription for 61% of patients taking opioids. Mean scores
for gastroparesis, nausea/vomiting, bloating/distention, abdominal pain, and constipation scores
were higher in opioid users (P< .05). Opioid use was associated with greater levels of gastric
retention, worse quality of life, increased hospitalization, and increased use of antiemetic and pain
modulator medications compared with nonusers (P< .03). Use of potent opioids was associated
with worse gastroparesis, nausea/vomiting, upper abdominal pain, and quality-of-life scores, and
more hospitalizations compared with weaker opioids (tapentadol, tramadol, codeine, or
propoxyphene) (P< .05). Opioid use was associated with larger increases in gastric retention in
patients with idiopathic vs diabetic gastroparesis (£ =.008).

CONCLUSIONS: Opioid use is prevalent among patients with diabetic or idiopathic
gastroparesis, and is associated with worse symptoms, delays in gastric emptying, and lower
quality of life, as well as greater use of resources. Potent opioids are associated with larger effects
than weaker agents. These findings form a basis for studies to characterize adverse outcomes of
opioid use in patients with gastroparesis and to help identify those who might benefit from
interventions to prevent opioid overuse.
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Thirty-one percent to 50% of gastroparesis patients are prescribed opioids.12 Upper
abdominal pain of at least moderate severity is reported by two thirds of patients and is more
prevalent in idiopathic vs diabetic gastroparesis.2 Ratings of abdominal pain as the
predominant symptom are associated with greater opioid use.2 Opioids inhibit gastric
emptying in patients without gastroparesis.3—® Features of opioid use in gastroparesis and
indications for prescription are poorly characterized.

Consequences of opioids in gastroparesis are incompletely investigated. In opioid-induced
nausea and vomiting (OINV), the distinct complication of nausea has been reported by 20%
to 32%, and vomiting has been reported by 9% to 15% of patients prescribed opioids for
noncancer pain.8.” By comparison, opioid-induced constipation has 41% prevalence.®
Nausea and vomiting represent distressing complications of opioids and commonly result in
stopping opioids for chronic pain.®

Opioids of different potency have variable propensities to elicit gastrointestinal (GI)
complications. Potent agents such as oxycodone induce more severe side effects than weaker
opioids such as tapentadol.19 Fewer patients on tapentadol discontinue therapy because of
nausea.ll The effects of opioids of differing potency on manifestations of gastroparesis have
not been compared.

We accessed data from Registries of the National Institute of Diabetes and Digestive and
Kidney Diseases Gastroparesis Consortium to relate opioid use to clinical manifestations,

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hasler et al.

Methods

Page 3

quality of life, and resource utilization in a large multicenter gastroparesis cohort. We
hypothesized the following: (1) opioids are prescribed frequently in gastroparesis; (2) opioid
use is associated with worse gastric emptying delays, greater symptoms, lower quality of
life, and increased resource use; (3) potent opioids are associated with greater impact than
weaker agents; and (4) presentations relating to opioids are similar in diabetic vs idiopathic
gastroparesis. These investigations provided insight into opioid associations and formed a
foundation for future studies targeting treatment of opioid side effects in gastroparesis.

Patient Population

A total of 583 patients with diabetic or idiopathic gastroparesis (age, >18 y) were recruited
at 8 centers of the National Institute of Diabetes and Digestive and Kidney Diseases
Gastroparesis Clinical Research Consortium into Gastroparesis Registries 1 and 2 from
January 2007 through November 2016 (Clinical Trials.gov: NCT00398801 and
NCT01696747). All reported gastroparesis symptoms of 12 weeks’ duration or longer (not
necessarily contiguous) showed delayed gastric emptying (>10% 4-hour scintigraphic
retention) for 6 months or less before enroliment.12 Scintigraphy was performed off opioids
and other agents affecting gut transit (including prokinetics and anticholinergics) for 72
hours or more before testing. Esophagogastroduodenoscopy excluded organic diseases
causing symptoms 12 months or less before enrollment. Patients were excluded for other
conditions causing similar symptoms (obstruction, inflammatory bowel disease, eosinophilic
gastroenteritis, neurologic, liver, or renal disease, metabolic causes, or prior gastric surgery
[fundoplication, gastric resection, or pyloroplasty]). Institutional Review Board approval
was obtained at Clinical Centers and the Data Coordinating Center. Patients provided written
informed consent.

Opioid Intake

Questions on Baseline Medical History forms queried opioid use and the reasons for their
use. For Gastroparesis Registry 1, selections included 1 or more of the following: (1)
abdominal pain, (2) headache pain, (3) leg pain, and/or (4) other pain. For Gastroparesis
Registry 2, patients chose 1 or more of the following: (1) pain related to gastroparesis
symptoms, (2) headache pain, (3) leg pain, (4) back pain, and/or (5) other pain. The
abdominal pain selection in Registry 1 and pain related to gastroparesis symptoms selection
in Registry 2 were combined for this investigation.

On the Baseline Medical History, specific opioid(s) were stratified by potency in relation to
oral morphine, which was assigned a relative potency of 1.0.13 Potent opioids showing
potencies of 1.0 or greater included morphine (potency 1), hydrocodone (1), oxycodone
(1.5), methadone (2.5), hydromorphone (5), buprenorphine (40), and fentanyl (50). Weaker
agents included tapentadol (0.3), tramadol (0.1), codeine (0.1), and propoxyphene (0.05).

Data Acquisition

Demographic information was collected on Registration and Baseline Medical History forms
(Supplementary Methods section). Gastric emptying was calculated from solid (*9™Tc-sulfur
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colloid) and liquid (111In-water) scintigraphy performed before enroliment (Supplementary
Methods).12.14.15

Symptom severities were quantified by Patient Assessment of Upper Gastrointestinal
Disorders Symptoms (PAGI-SY M) questionnaires enumerating 22 symptoms from 0 (no
symptoms) to 5 (most severe), with 2-week recall.16 Overall gastroparesis severity was
determined by Gastroparesis Cardinal Symptom Index (GCSI) scores, which included 9
PAGI-SYM questions.” Subscale and individual PAGI-SYM scores quantified gastroparesis
and lower GI symptom severity (Supplementary Methods section).

Quality of life was quantified by Patient Assessment of Upper Gastrointestinal Disorders
Quality of Life (PAGI-QOL) surveys, which scored 30 factors from 0 (none of the time) to 5
(all of the time) in 5 domains (daily activities, clothing, diet, relationships, and
psychological) over 2 weeks.18 PAGI-QOL scores were calculated from the means of all
factors after reversing individual scores; 0 represented poor quality of life and 5 reflected
excellent quality of life.

Health utilization parameters were determined from Baseline Medical History forms
including gastroparesis hospitalizations in the past year and nonopioid medication intake
(Supplementary Methods section).

Data Comparisons

Opioid use was related to demographic measures (age, sex, race), gastric emptying (2- and
4-hour solid; 1-hour liquid retention; percentage with mild, moderate, and severe retention),
gastroparesis symptoms (overall GCSI, GCSI nausea/vomiting, fullness/early satiety, and
bloating/distention subscales, individual PAGI-SYM upper abdominal pain scores), lower Gl
symptoms (individual PAGI-SYM lower abdominal pain, constipation, diarrhea scores),
quality of life (PAGI-QOL scores), and resource use (numbers of hospitalizations,
prokinetic, antiemetic, nonopiate analgesic, neuropathic pain modulator, laxative intake).
Comparisons related potent vs weaker opioid use and opioid associations in diabetic vs
idiopathic gastroparesis.

Statistical Analyses

Factor differences were compared for patients on vs not on opioids and potent vs weaker
agents. Numbers and percentages or means + SD were reported for categoric or continuous
characteristics. P values were determined from Pearson chi-square analysis or the Fisher
exact tests for categoric characteristics and 2-sample #tests for continuous measures.
Logistic regression models comparing diabetic vs idiopathic gastroparetics included patient
characteristics, etiology (diabetic vs idiopathic), and patient characteristic by etiology
interaction terms. Multiple logistic regression assessed independent relationships of
characteristics associated with opioids, selecting the model with the lowest Akaike
Information Criteria from age, sex, race, ethnicity, overall GCSI scores, GCSI subscores
(nausea/vomiting, early satiety/fullness, bloating/distention), individual PAGI-SYM scores
(upper abdominal pain, lower abdominal pain, constipation, diarrhea), PAGI-QOL scores,
yearly hospitalizations, and medication use (prokinetics, antiemetics, nonopiate analgesics,
pain modulators); etiology and 4-hour retention were included but were not in the candidate
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set.19 Akaike Information Criteria measures trade-offs between goodness of fit vs model
complexity, and is not based on Pvalues. The Hosmer—Lemeshow goodness-of-fit test
indicated adequate fit (P=.41).

Given the study’s exploratory nature, Pvalues were 2-sided and nominal with significance at
P=.05, a priori. Because these exploratory analyses aimed to generate new hypotheses to be
tested in future confirmatory studies, multiple comparison corrections were not performed.
Such adjustments reduce power to define differences, are unnecessary if exploratory
questions are unrelated, and are only required for studies aiming to prove predefined
hypotheses to endorse decision-making protocols.20 Stata Software (release v14; StataCorp
LP, College Station, TX) and SAS (version 9.3; SAS Institute, Inc, Cary, NC) were used.

Baseline Features

Opioid use was reported by 240 of 583 (41%) gastroparesis patients; most (198 of 240,
82%) were on potent agents, with 42 of 240 (18%) on weaker opioids. More than 60% took
opioids for abdominal pain as the sole cause or with other pain syndromes; fewer than 40%
took opioids for extragastric conditions (Table 1). Reasons for opioid use of potent vs
weaker agents (P = .10) and diabetic vs idiopathic patients were similar (P = .55).

Relation of Opioids to Clinical Variables

Demographic factors and gastric emptying.—Demographic characteristics were
similar in opioid users vs patients not on opioids and in patients on potent vs weaker opioids
(Table 2). Opioid use was associated with modestly worse gastric emptying (Table 2). Four-
hour solid retention was greater on vs not on opioids (£=.008). Severe impairments (>35%
4-hour retention) were more prevalent on opioids (£ =.02). Two-hour solid and 1-hour
liquid retention were not different in relation to opioid use. Emptying was similar on potent
vs weaker opioids.

Gastroparesis and lower gastrointestinal symptoms.—Opioid intake was
associated with higher symptom scores. Opioid use (£=.0001) and potent opioid use (P=".
02) were higher among patients with PAGI-SYM upper abdominal pain scores of 3 or
greater vs less than 3 (Table 2). Overall GCSI scores (£ =.0001), and nausea/vomiting (P< .
0001) and bloating/visible distention (£ =.003) subscores, and upper abdominal pain scores
(P<.0001) were greater on vs not on opioids (Figure 1A). Lower abdominal pain (P<.
0001) and constipation scores (P = .05) were higher on opioids.

Overall GCSI (P=.03), nausea/vomiting (£ =.004), and upper abdominal pain scores (P=".
05) were greater on potent vs weaker opioids (Figure 1B). Other symptoms were similar
relating to opioid potency.

Quiality of life and resource utilization.—Opioid use was associated with worse
quality of life and increased resource use. PAGI-QOL scores were lower on vs not on
opioids (P<.0001) and for potent vs weaker opioids (P=.03) (Figure 2). Greater
percentages of patients on opioids were hospitalized in the past year (P < .0001), and yearly
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hospitalization numbers were higher (£< .0001) vs in patients not taking opioids (Table 2).
Percentages of patients hospitalized for gastroparesis trended higher (£ =.06), and numbers
of hospitalizations were greater (P=.01) on potent vs weaker opioids. Greater percentages
of opioid users reported antiemetic (P < .0001) and pain modulator (£ < .0001) use. Trends
showed more opioid users took laxatives (P=.09) vs patients not on opioids. There were
trends to fewer potent opioid users on nonopiate analgesics vs weaker opioids (P = .06).

Subgroup Comparisons by Etiology

Subgroup analyses defined opioid associations by etiology (Table 3). Opioid use was similar
in diabetic (91 of 200; 46%) and idiopathic (149 of 383; 39%) patients (P = .15). Opioid
intake in diabetic gastroparesis was associated with higher overall GCSI (P =.02), nausea/
vomiting (P=.01), and upper abdominal pain (P =.002) scores, lower PAGI-QOL scores (P
=.0003), greater percentages of patients hospitalized (P=.03) and yearly hospitalizations (P
=.01), and greater antiemetic (£ < .0001), pain modulator (P=.0003), and laxative (P=.02)
use. Opioid use in idiopathic gastroparesis was associated with greater overall GCSI (P=.
002), nausea/vomiting (P=.001), bloating/distention (P = .01), and upper and lower (P<.
0001) abdominal pain scores, worse PAGI-QOL scores (P=.006), greater percentages of
patients hospitalized (P=.0002) and yearly hospitalizations (= .0005), and greater
antiemetic (£ =.0004) and pain modulator (P =.0008) intake. ldiopathic patients showed
greater increases in 4-hour retention (£ =.008) and greater increases in lower abdominal
pain scores with opioid use (P=.02) vs diabetic patients.

Multiple Logistic Regression

On regression analyses, factors positively associated with opioids included increasing age (P
.001), upper (P=.004) and lower (£ =.02) abdominal pain, numbers of hospitalizations (#
.02), and antiemetic (P=.002) and pain modulator (P < .0001) use (Table 4).

Discussion

This investigation was a large analysis of factors associated with opioid use in gastroparesis.
Its strengths included its multicenter structure with recruitment of well-characterized
patients, prospective data collection, consistent validated survey administration in a
standardized fashion, separate diabetic and idiopathic analyses, and relation of opioid
potency to gastroparesis associations.

More than 40% of patients took opioids. We acknowledge that many patients were referred
to tertiary centers for refractory symptoms including pain, which may have contributed to
opioid use in this population. Our findings may not replicate those in community
gastroparesis settings. These observations complement previous Gastroparesis Consortium
reports correlating opioid intake with abdominal pain and parallel older observations of 31%
to 50% opioid use in gastroparesis.l:2 These rates are unsurprising because 3% of adults in
the United States use opioids for chronic pain.2! The high prevalence of opioid use in
gastroparesis warrants consideration that this association is a component of the prescription
opioid epidemic, which can have far-ranging consequences, including fatal outcomes.21:22
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Opioid-induced gastric emptying delays have been established. x-opioid agonists slow
emptying, blunt motility, and promote endoscopic food retention.#:523 The stomach has high
-receptor densities.2* We observed modestly worse emptying impairments in opioid users.
Opioid use was somewhat more prevalent with severe delays (>35% 4-hour retention) and
relatively lower with mild delays (<10% 4-hour retention). The cause of these incremental
delays among opioid users is uncertain. Enrolled patients were required to discontinue
opioids for at least 72 hours before scintigraphy. It is conceivable that stopping opioids for
72 hours was insufficient to reverse inhibitory opioid effects on gastric function. The
possibility has not been investigated, but this cut-off value has been widely adopted because
this is more than 5-fold greater than circulating half-lives of most opioids. Alternatively, it is
possible that patients were noncompliant with requests to withhold opioids. Because
emptying differences between opioid users and nonusers were modest, it is likely that
surreptitious opioid intake during scintigraphy had limited impact in this cohort.
Furthermore, although this was not a longitudinal outcomes study, 55 patients had available
gastric emptying data on enrollment and at 48-week study visits showing similar 22% + 14%
improvements in 4-hour retention in 4 patients who stopped opioids for an uncertain length
of time and 18% * 28% in 47 patients remaining on opioids on follow-up evaluation (P=
NS). Regardless, our protocols were unable to exclude opioid intake within 72 hours of
emptying testing, as mentioned later.

Symptom severity in gastroparesis was associated strongly with opioid use. Prior articles
reported nausea in 20% to 32% and vomiting in 9% to 15% of patients receiving opioids.5”
In addition to inhibiting gastric motility, opioids elicited nausea and vomiting via actions on
the vestibular apparatus and area postrema.8 We observed increased upper and lower Gl
symptoms on opioids on univariate and regression analyses. We emphasize that these
analyses defined associations and did not prove causation, thus we cannot state that greater
nausea and vomiting were direct consequences of opioids or if patients had worse symptoms
at baseline requiring prescription analgesics. The strong correlation of symptom severity
with opioid use coupled with less robust emptying impairments in opioid users emphasize
that other mechanisms such as luminal hypersensitivity or blunted fundic accommaodation
mediate abdominal pain in gastroparesis as previously proposed.?

Opioid use in gastroparesis related to worse quality of life on PAGI-QOL surveys and
greater resource use quantified by hospitalizations. Differences in honopioid medication
intake in patients on opioids included higher antiemetic and pain modulator use on
univariate and regression analyses. These measures were not quantified previously in
gastroparesis or OINV, although nausea and vomiting were rated the most distressing side
effects and most frequent reason for stopping opioids.8 Our findings raise questions that
warrant further study. Were opioids preferentially prescribed during inpatient stays to
expedite hospital discharge without giving neuro-modulators a chance to work? Why were
older patients more likely to receive opioids when associations of age with pain in
gastroparesis were not observed?? Should clinicians exercise care in prescribing medications
for pain in older gastroparetic patients?

Factors associated with opioid use were correlated to gastroparesis etiology. We previously
noted more prevalent severe upper abdominal pain in idiopathic vs diabetic gastroparesis.?
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In this study, opioid use was associated with increased abdominal pain with both etiologies
and little difference was seen in opioid associations in diabetic vs idiopathic gastroparesis on
univariate and regression analyses. The only factors that diverged by etiology relating to
opioids were worse emptying delays in idiopathic gastroparetic patients and greater lower
abdominal pain in diabetic patients.

We compared factors associated with opioids equipotent or stronger than morphine vs
weaker agents. Other investigators have related opioid potency to OINV severity. Less-
potent medications (tramadol, tapentadol) elicit less nausea and vomiting than morphine or
oxycodone.?10.25 patients are less likely to discontinue tapentadol because of nausea than
oxycodone.11 Despite these lesser effects, weaker opioids still inhibit gut transit.32:10 We
observed higher levels of some gastroparesis symptoms, worse quality of life, and more
hospitalizations with potent vs weaker agents. Such findings support prescribing less-potent
opioids for chronic pain syndromes in gastroparesis whenever possible. Similar to OINV,
emptying delays were not different in gastroparesis patients on potent vs weaker opioids.32

This investigation had limitations. As stated earlier, we relied on patient self-report to
characterize opioid use. It was not feasible to measure opioid levels in this large cohort and
pharmacy records were inaccessible. Our surveys did not relate opioid dosing timing with
reports of pain, thus we were unable to assess temporal relations of opioid use with other
factors. However, recall times of surveys quantifying symptoms and quality of life were 2
weeks.16-18 Thus, we believe our findings likely incorporated any transient adverse effects
of opioids on these measures. Unfortunately because the number and breadth of surveys
completed by our patients on enrollment were extensive, no dosing of any medications was
recorded. Thus, stratifications by opioid potency were based on the drugs themselves and not
on opioid doses, frequency of intake, or duration of use. Consequently, dose-response
relationships of opioid intake and clinical manifestations were not generated. We believe it is
unlikely this limitation led to overstating the impact of opioids on gastroparesis
manifestations. Scenarios can be envisioned in which some opioid users were taking
exceedingly low or infrequent opioid doses, or some patients were taking large numbers of
weaker opioids whereas others were on infrequent potent opioid agents. However, both of
these possibilities likely would diminish rather than strengthen the observed associations of
opioids in gastroparesis using our analyses. This investigation also did not address if patients
with worse gastric emptying impairments experienced more severe pain and other symptoms
that could lead to more frequent opioid prescription. However, prior Gastroparesis
Consortium research observed no relation of abdominal pain, nausea and vomiting, or
bloating subscores with gastric retention rates.226 Only early satiety and postprandial
fullness scores were higher with worse emptying delays in prior studies.2” A recalculation of
pain severity in the current gastroparesis cohort was performed and showed no difference in
4-hour gastric retention among those with pain scores of 3 or higher (moderate or greater
severity) vs less than 3 (34.2% + 21.3% vs 32.3% + 20.9%, respectively; P=.32), similar to
older findings.

These findings are important because they provide the foundation for future research on
opioid-dependent gastroparesis. Therapy of gastroparesis pain is unsatisfactory and includes
prokinetics for nausea and vomiting as well as antidepressants and pain modulators.28:29 No
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medications are Food and Drug Administration approved for OINV; a systematic review
suggested variable efficacy of antiemetics to reverse OINV.30 Metoclopramide and
ondansetron were ineffective, but small studies observed benefits with olanzapine and
risperidone.31-33 Peripheral opiate antagonists (methylnaltrexone, naloxegol) are approved
for opioid-induced constipation but have not been tested in OINV. However,
methylnaltrexone prevents morphine-induced vomiting in dogs, gastric emptying delays in
human beings, and decreased gastric residuals and improved enteral nutrition tolerance in a
hospitalized patient on opioids.34-38 These observations raise hope of multifaceted
approaches to treating opioid-requiring painful gastroparesis with antiemetics to improve
symptoms, peripheral opiate antagonists to block gut effects of opioids, and
neuromodulators to limit opioid dependence.

In conclusion, these comprehensive, novel data show that opioid use is prevalent and
associates with more severe gastric emptying delays, greater symptoms, worse quality of
life, and higher resource use in gastroparesis. Potent opioids may be associated with greater
increases in some factors vs weaker agents. These findings provide insight into this common
problem and form a basis to study therapy of adverse consequences of opioid use in
gastroparesis. This investigation also highlights factors that may help identify patients who
can be targeted for future interventions to prevent overuse of opioid agents in gastroparesis.
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What You Need to Know
Background

Indications for opioid prescription and the relationship between opioid use and
manifestations of gastroparesis are undefined. We characterized associations between
opioid use and presentations of gastroparesis in relation to opioid potency.

Findings

Opioids are taken frequently by patients with gastroparesis, often for abdominal pain.
Opioid use was associated with worse symptoms and quality of life, greater resource
utilization, and gastric emptying delays in patients with gastroparesis.

Implicationsfor patient care

We found an association between gastroparesis and opioid use and characterized the
clinical effects. Our findings might be used in studies of the consequences of opioid use
by patients with gastroparesis and to identify patients who might benefit from
interventions to prevent opioid overuse.
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Figurel.
Symptom severities (Patient Assessment of Upper Gastrointestinal Disorders Symptoms

[PAGI-SYM)]) are related to opioid use. (A) Patients on opioids reported greater
Gastroparesis Cardinal Symptom Index (GCSI) scores (P=.0001), higher subscores for
nausea/vomiting (N/V) (P < .0001) and bloating/visible distention (£=.003), and individual
scores for upper and lower pain (£ < .0001) and constipation (2= .05) vs not taking opioids.
(B) Patients on potent opioids reported higher GCSI scores (P=.03), N/V subscores (P=.
004), and individual scores for upper pain (P=.05) vs taking weaker opioids.
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Figure2.
Patient Assessment of Upper Gastrointestinal Disorders Quality of Life (PAGI-QOL) scores

are related to opioid use. Opioid users showed worse PAGI-QOL scores vs patients not on
opioids (P < .0001). Patients taking potent opioids showed worse PAGI-QOL scores vs
patients on weaker opioids (P=.03).
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